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1. 

DAGNOSIS FOR MULTIPLE CYLNDER 
ENGINE 

BACKGROUND 

The present description relates to diagnosis for a multiple 
cylinder engine, more particularly to a method and system to 
detect imbalance of air fuel ratio between the cylinders of a 
multiple cylinder engine. 

It may be desirable to have equivalent air-fuel mixtures in 
engine cylinders so that engine emissions can be controlled. 
For example, when similar air-fuel mixtures are combusted in 
each engine cylinder, the cylinder air-fuel mixtures may be 
adjusted to improve efficiency of a catalyst in the exhaust 
system with a reduced possibility of producing a misfire. In 
particular, when all engine cylinders are combusting Substan 
tially equivalent air-fuel mixtures, the engine air-fuel mixture 
may be leaned to improve catalyst efficiency with less possi 
bility of a single cylinder misfiring due to that one cylinder 
reaching a lean combustion limit before other cylinders. On 
the other hand, if one engine cylinder is operating at a leaner 
air-fuel mixture than other cylinders, then the possibility of 
one cylinder misfiring during leaning of engine air-fuel ratio 
may increase. It is therefore desirable to provide a method for 
improving the detection of cylinder air-fuel imbalance. 

SUMMARY 

The inventors herein have rigorously studied to improve 
the accuracy of the air fuel ratio cylinder imbalance diagnosis 
and unexpectedly found a method to diagnosis the air fuel 
ratio cylinder imbalance using a single air fuel ratio sensor 
with a certain range of tolerance of its output signal charac 
teristic which is described in the present description. 

Accordingly, there is provided, in one aspect of the present 
description, a method of diagnosing an internal combustion 
engine system having a multi-cylinder internal combustion 
engine and an air fuel ratio sensor which detects an air fuel 
ratio of mixed exhaust gas flowing from the multiple cylin 
ders and outputs a signal corresponding to said detected air 
fuel ratio. The method comprises computing a square value of 
a difference between two values, said air fuel ratio sensor 
outputting said two values at discrete timings within a prede 
termined period, integrating said square value over predeter 
mined times to form an integrated Square value, and diagnos 
ing said internal combustion engine system based on said 
integrated square value. 

According to the first aspect, by diagnosing the internal 
combustion engine system based on the integrated square 
value of the difference between two values of the air fuel ratio 
sensor outputs within a predetermined period, the imbalance 
of air fuel ratios between cylinders can be distinguished even 
under the condition where the output signal of the air fuel 
ratio sensor varies due to its output signal characteristics. 

Specifically, a change of the sensor output signal caused by 
the failed cylinder is greater than the output signal variation 
caused by a sensor characteristic in parts of a cylinder cycle. 
In the other parts of the cylinder cycle, the sensor output 
signal still changes due to the sensor characteristic, but that 
change is Smaller than the change caused by a degraded 
cylinder. By integrating the square value of a change of the 
sensor output signal, this change caused by the failed cylinder 
is made even greater to overwhelm the change caused by the 
sensor characteristic. 

Further, in a second aspect of the present description, there 
is provided a method of diagnosing an internal combustion 
engine system having a multi-cylinder internal combustion 
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2 
engine and an air fuel ratio sensor which detects an air fuel 
ratio of mixed exhaust gas flowing from the multiple cylin 
ders and outputs a signal corresponding to said detected air 
fuel ratio. The method comprises computing a square value of 
a difference between two values, said air fuel ratio sensor 
outputting said two values at a predetermined interval, inte 
grating said square value overpredetermined times, and diag 
nosing said internal combustion engine system based on said 
integrated square value. 

According to the second aspect, the method also includes 
diagnosing the internal combustion engine system based on 
the integrated square value of a difference between two values 
the air fuel ratio sensor outputs, in this case, at the predeter 
mined interval, as in the first aspect. The imbalance of air fuel 
ratios between cylinders can be distinguished even under the 
condition where the output signal of the air fuel ratio sensor 
varies due to its output signal characteristics. 

Further, in a third aspect of the present description, there is 
provided a method of diagnosing an internal combustion 
engine system having a multi-cylinder internal combustion 
engine and an air fuel ratio sensor which detects an air fuel 
ratio of mixed exhaust gas flowing from the multiple cylin 
ders and outputs a signal corresponding to said detected air 
fuel ratio. The method comprises computing a square value of 
a difference between maximum and minimum values that the 
air fuel ratio sensor outputs at least during a cylinder cycle, 
and diagnosing said internal combustion engine system based 
on said square value. 

According to the third aspect, the method also includes 
diagnosing the internal combustion engine system based on 
the integrated square value of a difference between two values 
the air fuel ratio sensor outputs, in this case, maximum and 
minimum values said air fuel ratio sensor outputs during at 
least a cylinder cycle. The imbalance of air fuel ratios 
between cylinders can be distinguished even under the con 
dition where the output signal of the air fuel ratio sensor 
varies due to its output signal characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view showing an example of the 
engine system by which the exemplary diagnostic system is 
applied. 

FIG. 2 is a schematic view showing an example of a con 
figuration of an exhaust system in the engine system. 

FIG.3 is an example of a flowchart according to a cylinder 
to-cylinder imbalance diagnosis of an air fuel ratio performed 
by a PCM. 

FIG. 4 is a graph showing an example of a sensor output 
value. 

FIG.5 is a graph showing an example of an integrated value 
according to a diagnostic parameter. 

FIG. 6 is a graph showing an example of an integrated value 
which is obtained by further integrating integrated values 
over one combustion cycle. 

FIG. 7 is a graph showing, in a relationship between an 
amount of cylinder-to-cylinder imbalance of an air fuel ratio 
and an integrated value, a difference between a characteristic 
of the integrated value of the cylinder-to-cylinder imbalance 
and a characteristic of the integrated value of squared cylin 
der-to-cylinder imbalance values. 

FIG. 8 is an example of a flowchart according to the cyl 
inder-to-cylinder imbalance diagnosis of the air fuel ratio 
performed by the PCM. 

DETAILED DESCRIPTION 

Hereafter, a diagnosing method and a diagnostic system of 
an engine system are described more specifically referring to 
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the appended drawings. Note that the following description of 
an embodiment is one example an illustration, and various 
alternative embodiments may also be used. 

FIG. 1 is a schematic view of the engine system. Although 
the engine 1 with which the system is provided is illustrated 
only with a single cylinder in the drawing, it is in fact an 
in-line four-cylinder, spark-ignition direct-injection engine in 
this embodiment. However, the engine 1 is not limited to this 
type. For example, the number of cylinders may differ from 
this. Further, the engine may be a V-type engine and a hori 
Zontally-opposed engine. Fuel may not be injected into com 
bustion chambers but may be injected into intake ports. 

The engine 1 is provided with a cylinder block 3 and a 
cylinder head 5 fixed to an upper part of the cylinder block3. 
Reciprocatable pistons 7 are fitted in respective cylinders 13 
of the cylinder block 3, and each combustion chamber 11 
surrounded by a top face of the piston 7, an inner wall surface 
of the cylinder 13, and a pentroof-shaped bottom face of the 
cylinder head 5 is formed above the piston 7. A crankshaft 
(not shown) is arranged inside a crank case below the pistons 
7, and a connecting rod 17 connects the crankshaft with the 
pistons 7. 

In the crank case, a crank angle sensor 37 for detecting a 
rotation angle (crank angle) of the crankshaft is arranged. The 
crank angle sensor 37 has an electromagnetic pickup coil for 
outputting a signal to a PCM (Power-train Control Module) 
21. When a rotor 27 which is attached to an end part of the 
crankshaft so that it integrally rotates when the crankshaft 
rotates, the crank angle sensor 37 outputs the signals corre 
sponding to passage of convex parts provided on the periph 
eral part of the rotor 27. 
An engine water temperature sensor 23 for detecting a 

temperature of cooling water which flows through the inside 
of a water jacket (not shown), and an engine oil temperature 
sensor 33 for detecting a temperature of engine oil, are 
attached to the cylinder block 3. 
A plurality of spark plugs 9 are attached to the cylinder 

head 5 so that they correspond to the respective cylinders 13. 
Tip electrodes of each spark plug 9 face to the inside of each 
combustion chamber 11, and each spark plug 9 is connected 
with an ignition circuit 19 arranged in an upper part of the 
cylinderhead5. Although the provided number of the ignition 
circuits 19 only correspond to the number of the spark plugs 
9 in this example, one or more ignition circuits which are 
common to a plurality of spark plugs 9 may be provided. An 
injector 39 for directly injecting fuel into each combustion 
chamber 11 is attached to the cylinder head5. The injector 39 
is connected with a fuel feed source located outside the draw 
ing via a feed pipe to be supplied with fuel from the fuel feed 
source. Two pairs of intake ports 15 and exhaust ports 25 
which communicate with each combustion chamber 11 are 
formed also in the cylinder head 5 (in the illustrated example, 
only one pair of these are shown). Intake and exhaust valves 
(intake valves 35 and exhaust valves 45) that open and close 
independently at predetermined timings are arranged in port 
opening parts of the intake ports 15 and the exhaust ports 25 
through VVT (Variable Valve Timing) mechanisms 351 and 
451, respectively. The VVT mechanisms 351 and 451 are 
mechanisms for changing opening and closing timings of the 
intake valves 35 and the exhaust valves 45 toward advance 
side or retard side, and can change a quantity of combusted 
gas which remains in each combustion chamber 11 by chang 
ing an overlap period of opening and closing of the intake 
valves 35 and the exhaust valves 45. There is no restriction in 
particular about the configuration of the VVT mechanisms, 
and mechanical-type VVTs or electromagnetic-type VVTs 
may also be adopted. 
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4 
An intake passage 55 communicates with the intake ports 

15 of each cylinder 13, and an exhaust passage 65 communi 
cates with the exhaust ports 25. An EGR passage 85 mutually 
connects the intake passage 55 and the exhaust passage 65. By 
adjusting opening of an EGR valve 51 arranged at an inter 
mediate position of the EGR passage 85, a part of exhaust gas 
in the exhaust passage 65 flows back to the intake passage 55. 

In the intake passage 55, an air cleaner 75, an intake air 
temperature sensor 43, an airflow sensor 29 for detecting a 
flow rate of intake air, a throttle valve 41 for blocking the 
intake passage 55 by being driven with an electric motor 411, 
a TSCV (Tumble Swirl Control Valve) 31 for adjusting 
strength of air intake flow inside each combustion chamber 
11, are arranged in this order from the upstream side to the 
downstream side. As shown in FIGS. 1 and 2, a linear O. 
sensor 47 for outputting a linear signal with respect to an 
oxygen concentration in the exhaust gas, and a catalytic con 
Verter 49 for purifying the exhaust gas are arranged in an 
exhaust manifold part 95 at which exhaust passages 651, 652, 
653, and 654 from the four cylinders #1, #2, #3, and #4 gather. 
For the catalytic converter 49, a three-way catalyst which can 
simultaneously purify three chemical components such as 
HC, CO, and NOx may be adopted, for example. A sensed 
value outputted from the linear O sensor 47 is taken into the 
PCM 21 where it is used for detection of an air fuel ratio of air 
fuel mixture. Based on the sensed value, the PCM 21 per 
forms an air fuel ratio feedback control of the engine 1 (e.g., 
adjustment of a fuel injection amount by the injector 39 so as 
to achieve a desired air fuel ratio). In addition, the PCM 21 
diagnoses whether a difference of the air fuel ratio between 
the cylinders (cylinder-to-cylinder imbalance) occurs, as 
described later. 
The PCM 21 may be a typical microcomputer, for example, 

and as shown in FIG.1, it includes at least a CPU 211, a ROM 
212, a RAM 213, an I/O interface circuit 214, and a data bus. 
In this example, the PCM 21 receives input, via the I/O 
interface circuit 214, including output signals from the crank 
angle sensor 37, the engine water temperature sensor 23, the 
airflow sensor 29, the linear O sensor 47, the intake air 
temperature sensor 43, and the engine oil temperature sensor 
33, as well as output signals from a throttle opening sensor 53 
for detecting a throttle opening, and an engine speed sensor 
57 for detecting an engine speed. The PCM 21 outputs control 
signals to the ignition circuits 19, the VVT mechanisms 351 
and 451, the injectors 39, the throttle valve 41, and the EGR 
valve 51 based on the output signals from the sensors to 
control the engine 1 (including the air fuel ratio feedback 
control). The PCM 21 also performs the cylinder-to-cylinder 
imbalance diagnosis of the air fuel ratio based on the sensed 
values by the linear O sensor 47, as described later in detail. 
An alarm lamp 59, or other diagnostic indicator, is electrically 
connected with the PCM 21, and the PCM 21 also controls 
lighting of the alarm lamp 59. The alarm lamp 59 is a lamp 
which is arranged in an instrument panel and issues an alarm 
to a person on board, for example. In this example, specifi 
cally, the alarm lamp 59 is turned on when the PCM 21 
determines that the cylinder-to-cylinder imbalance of the air 
fuel ratio occurred. Additionally, a diagnostic code may be set 
by PCM 21 (e.g., a tester), indicating that the cylinder-to 
cylinder imbalance of the air fuel ratio occurred, after a test of 
the system. 

FIG. 3 shows an example of a flowchart according to the 
cylinder-to-cylinder imbalance diagnosis of the air fuel ratio, 
performed by the PCM 21. In this flowchart, specifically, a 
square value of a difference of the sensed values of the linear 
O sensor 47 obtained at 90-degree intervals of crank angles 
is computed at predetermined cycles, and occurrence of the 
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cylinder-to-cylinder imbalance of the air fuel ratio is diag 
nosed based on an integrated value of the square values over 
one combustion cycle. First, at Step S31, the PCM 21 reads 
out the output signal values of the various kinds of sensors, 
and then, at Step S32, the PCM 21 determines whether an 
execution condition of the cylinder-to-cylinder imbalance 
diagnosis is satisfied based on the read signal values. The 
PCM 21 determines that the diagnostic condition is satisfied 
when an engine warm-up operation has been ended (e.g., in a 
state in which a cooling water temperature is greater than a 
predetermined temperature, and in a state in which variations 
in the engine speed, air intake filling efficiency, and throttle 
opening is Small and stable (e.g., they are below predeter 
mined values). However, the diagnostic condition is not lim 
ited to these. When determined to be YES at Step S32, the 
PCM 21 proceeds to Step S33, and on the other hand, when 
determined to be NO, the PCM 21 repeats Step S32. 

At Step S33, the PCM 21 reads the sensed value (i) of the 
linear O sensor 47, and then, at Step S34, the PCM 21 
computes a square value S1 of the difference between a pre 
vious value (i-1) and a current value (i) of the sensed value 
(backward difference). That is, 

is computed. As shown by black dots in FIG.4, because the 
sensed value of the linear O sensor 47 is acquired at every 
90-degree crank angle, the square value S1 computed at Step 
S34 is a square value of the difference of the sensed values for 
every 90-degree crank angle. In other words, the PCM 21 
computes a square value of a rate of change in the sensed 
value. Note that, if Step S34 is the first time and if the previous 
value does not exist, Step S34 will be skipped. 

Then, as shown in FIG. 5, at Steps S35 and S36, the PCM 
21 integrates the square values S1 over one combustion cycle 
of the engine 1 (in other words, for 720-degree crank angle). 
That is, at Step S35, 

Integrated value r=r(previous value)+S1 

is computed, and the PCM 21 then determines at Step S36 
whether the integration over one combustion cycle is com 
pleted. If YES at Step S36, the PCM 21 proceeds to Step S38, 
and, on the other hand, if NO, it proceeds to Step S37. The 
PCM 21 waits for 90-degree crank angle to pass at Step S37. 
and then returns to Step S33 to reads a new sensed value (i). 

At Steps S38 and S39, the PCM21 integrates the integrated 
values r over one combustion cycle for 100 cycles (refer to 
FIG. 6). That is, at Step S38, the PCM 21 computes 

Integrated value R1 =R1 (previous value)+i; 

and it then determines at Step S39 whether the integration 
for 100 cycles is completed. If determined to be NO at Step 
S39, the PCM 21 returns to Step S32 to determine whether the 
diagnostic condition is satisfied. The integration over one 
combustion cycle at Step S35 is performed continuously; 
however, the integration for 100 cycles at Step S38 is not 
necessarily performed continuously. That is, after the integra 
tion over one combustion cycle is completed at Step S36 and 
then the predetermined time is lapsed before the diagnostic 
condition is again satisfied, the next integration over one 
combustion cycle may be performed. If determined to be YES 
at Step S39, The PCM 21 proceeds to Step S310 to determine 
whether the computed integrated value R1 exceeds a thresh 
old value which is set in advance and is stored in the PCM 21. 
For example, the example of FIG. 6 shows that the integrated 
value R1 exceeds the threshold value shown by a dashed line. 
If determined to be YES at Step S310, the PCM 21 proceeds 
to Step S311 to increment the number of abnormalities 
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6 
detected and then increments the number of diagnoses at Step 
S312. If determined to be NO at Step S310, the PCM 21 
increments only the number of diagnoses at Step S312, with 
out proceeding to Step S311 and therefore without increment 
ing the number of abnormalities detected. 
At Step S313, the PCM 21 determines whether the diag 

noses are completed for the predetermined number of times. 
The number of diagnoses may be 15 times, for example, but 
is not limited to this number. If determined to be NO at Step 
S313, the PCM 21 returns to Step S32 to continue the diag 
nosis, and, on the other hand, if YES, it proceeds to Step S314. 
At Step S314, the PCM 21 computes a rate of abnormalities 
detected (number of abnormalities detected/number of diag 
noses) among the predetermined number of diagnoses, and 
then determines whether the rate exceeds an abnormality 
determination value set in advance. If determined to be NO at 
Step S314, the PCM 21 proceeds to Step S315 to determine 
that the engine 1 is normal. On the other hand, if determined 
to be YES at Step S314, the PCM 21 proceeds to Step S316 to 
determine that an abnormality occurred in the engine 1, more 
specifically, the cylinder-to-cylinder imbalance of the air fuel 
ratio occurred, and the PCM 21 then turns on the alarm lamp 
59. 

In this diagnosing method of the engine 1, the square value 
of the difference of the sensed values of the linear O sensor 
47 is used as a diagnostic parameter. As the difference is 
larger, that is, as the variation of the sensed value is larger, the 
square value exaggerates this change. As shown by a dashed 
line in FIG. 7, a relationship between the amount of the 
cylinder-to-cylinder imbalance of the air fuel ratio and the 
integrated value of the differences has a relationship in which 
the integrated value increases linearly as the amount of imbal 
ance becomes larger even when the cylinder-to-cylinder 
imbalance shifts either to rich or lean. This is because that, 
when an air fuel ratio of a specific cylinder shifts, the air fuel 
ratios of all the cylinders are corrected so that the shift is 
cancelled since the air fuel ratio feedback control is per 
formed. As for the diagnostic parameter for diagnosing the 
cylinder-to-cylinder imbalance of the air fuel ratio, if the 
integrated value of the differences is used, the integrated 
value of the differences is compared with the determination 
value set in advance (refer to the dashed dotted line of FIG. 7). 
Then, the PCM 21 determines that a nonpermissible cylinder 
to-cylinder imbalance occurred when the integrated value of 
the differences exceeds the determination value. However, as 
illustrated by example in FIG. 7, because the variation in the 
sensed value of the linear O sensor 47 is relatively small 
when the amount of the cylinder-to-cylinder imbalance of the 
air fuel ratio is relatively small, the variation in the integrated 
value will be small. On the other hand, because the variation 
in the sensed value of the linear O sensor 47 will be larger as 
the cylinder-to-cylinder imbalance of the air fuel ratio 
becomes larger, the variation in the integrated value will also 
be larger. The increase of the variation in the integrated value 
will result in the computed integrated value being Smaller 
than the actual value so that it will be smaller than the deter 
mination value. As a result, in practice, the PCM 21 deter 
mines that the engine 1 is normal although the PCM 21 should 
rather determine that the engine 1 is abnormal, or because the 
integrated value becomes larger than the actual value So that 
it will be larger than the determination value, the PCM 21 
determines that the engine 1 is abnormal although the PCM 
21 should rather determine that the engine 1 is normal. This 
reduces an accuracy of the diagnosis. 
On the other hand, as shown by a solid line in FIG. 7, the 

square value of the difference of the sensed values has a 
characteristic which greatly differs from the dashed line. That 
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is, as the differences become larger, the integrated value will 
also be larger so that it exaggerates the differences. Therefore, 
even if the variation in the sensed value becomes larger and 
thus the variation in the integrated value becomes also larger, 
it is possible to make this influence relatively smaller to 5 
prevent the erroneous diagnoses. 

In the above-described diagnosing method, the square val 
ues of the differences are integrated over one combustion 
cycle, and this is an advantageous configuration when reflect 
ing the varying State of the sensed value of the linear O sensor 10 
47 to the diagnostic parameter. As shown in FIG. 4, the 
varying pattern of the sensed value of the linear O sensor 47 
will be one cycle per one combustion cycle. Therefore, inte 
grating the squared values of the differences over one com 
bustion cycle may include a varying pattern during the period 15 
of integration. That is, this makes the state of the cylinder-to 
cylinder imbalance of the air fuel ratio reflect the diagnostic 
parameter correctly and, thus, it can be advantageous to 
improve the diagnosis accuracy. Note that the period of inte 
gration is not limited to one combustion cycle, but may be set 20 
to an integral multiple of one combustion cycle, which is 
larger than 1. 

Further, in the above-described diagnosing method, the 
integrated value r over one combustion cycle is integrated 
over another 100 cycles. This integration is equivalent to 25 
averaging the integrated values r, and this is advantageous 
when reducing the influence in which the integrated value r 
varies due to the variation in the output signal from the linear 
O sensor 47 to improve the diagnosis accuracy. However, the 
number of the integration of the integrated values r is not 30 
limited to 100 cycles, and may be set to any arbitrary number. 
Of course, it may be 1 cycle. 

In addition, in the above-described diagnosing method, 
abnormalities are detected by the comparison of the inte 
grated value R1 for 100 cycles with the threshold value, and 35 
finally, occurrence of abnormalities is determined based on 
whether the rate of abnormalities detected during the prede 
termined number of diagnoses exceeds the predetermined 
abnormality determination value. Therefore, high diagnosis 
accuracy can be secured. 40 

Note that Steps S311 to S314 may be skipped, and if 
determined to beYES at Step S310, the PCM 21 may proceed 
to Step S316 to determine that the engine 1 is abnormal, or, on 
the other hand, if determined to be NO at Step S310, the PCM 
21 may proceed to Step S315 to determine that the engine 1 is 45 
normal. 

FIG. 8 shows a flowchart according to the diagnosing 
method of the engine 1 using another diagnostic parameter. In 
this flowchart, as shown in FIG.4, for example, a square value 
of a difference of the maximum sensed value Wimax and the 50 
minimum sensed value Wmin is computed among the sensed 
values of the linear O sensor 47 over one combustion cycle, 
and the cylinder-to-cylinder imbalance of the air fuel ratio is 
diagnosed based on the square value. This is a diagnostic 
technique focused on that the varying pattern of the sensed 55 
value of the linear O sensor 47 associated with the cylinder 
to-cylinder imbalance of the air fuel ratio occurs by one cycle 
per one combustion cycle, as described above. That is, the 
difference of the maximum Wimax and the minimum Wmin of 
the sensed value, in other words, a variation amplitude of the 60 
sensed value over one combustion cycle, corresponds to the 
state where the cylinder-to-cylinder imbalance of the air fuel 
ratio occurs, and represents that the cylinder-to-cylinder 
imbalance will be larger as the difference of the sensed values 
is larger. 65 

In another example, a difference of the maximum sensed 
value Wimax and the minimum sensed value Wmin may be 

8 
computed among the sensed values of the linear O sensor 47 
over a single engine cycle, where a single engine cycle 
includes a combustion (e.g., one combustion, and only one 
combustion) of each cylinder of the multi-cylinder engine. 
Therefore, a diagnostic method similar to FIG. 8 could be 
carried out, as described by FIG. 8, except incidences of “a 
combustion cycle' made herein with respect to the steps and 
processes of FIG. 8 can be replaced with “a single engine 
cycle”. 
At Step S81 of the flowchart in FIG. 8, the PCM 21 reads 

various kinds of sensor output signal values, and at Step S82. 
the PCM 21 determines whetheran execution condition of the 
cylinder-to-cylinder imbalance diagnosis is satisfied based on 
the read signal values. The execution condition may be the 
same condition as the above. If determined to be YES at Step 
S82, the PCM 21 proceeds to Step S83, and if determined to 
be NO at Step S82, the PCM 21 repeats this step. 
At Step S83, the PCM 21 reads a sensed value kW of the 

linear O sensor 47, and then, at Step S84, the PCM 21 
determines whether the sensed values over one combustion 
cycle are read. If determined to be YES at Step S84, the PCM 
21 proceeds to Step S86, and if determined to be NO, it 
proceeds to Step S85. The PCM 21 waits for 90-degree crank 
angle to pass at Step S85, and then returns to Step S83 to read 
a new sensed value w(i). 
At Step S86, the PCM 21 determines the maximum max 

and the minimum Wmin among the read sensed values over 
one combustion cycle, and then computes a square value S2 
of the difference, that is, the amplitude of the sensed value 
waveform shown in FIG. 4, for example. That is, 

is computed. In another example, S2 may be calculated as 
the square of a difference between an air fuel ratio sensor 
output at a beginning of a predetermined period (e.g., a com 
bustion cycle) and an air fuel ratio sensor output at an end of 
the predetermined period. 

Then, at Steps S87 and S88, the PCM 21 integrates the 
square values S2 for 100 cycle. That is, at Step S87, 

Integrated value R2=R2(previous value)+S2 

is computed, and the PCM 21 then determines at Step S88 
whether the integration for 100 cycles is completed. If deter 
mined to be NO at Step S88, the PCM 21 returns to Step S82 
to determine whether the diagnostic condition is satisfied. 
This is similar to that of the flowchart in FIG. 3. On the other 
hand, if determined to be YES at Step S88, the PCM 21 
proceeds to Step S89 to determine whether the computed 
integrated value R2 exceeds the threshold value set and stored 
in the PCM 21 in advance. If determined to be YES at Step 
S89, the PCM 21 proceeds to Step S810 to increment the 
number of abnormalities detected, and then at Step S811, the 
PCM 21 increments the number of diagnoses. On the other 
hand, if determined to be NO at Step S89, the PCM 21 
increments only the number of diagnoses at Step S811 with 
out proceeding to Step S810. 
At Step S812, the PCM 21 determines whether the diag 

noses are completed for a predetermined number of times set 
in advance. The number of diagnoses may be 15 times, for 
example, but is not limited to this number. If determined to be 
NO at Step S812, the PCM 21 returns to Step S82 to continue 
the diagnosis, and if determined to be YES, it proceeds to Step 
S813. At Step S813, the PCM 21 computes a rate of abnor 
malities detected (number of abnormalities detected/number 
of diagnoses) during the diagnoses of the predetermined 
number of times, and then determines whether it exceeds a 
predetermined abnormality determination value. If deter 
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mined to be NO at Step S813, the PCM 21 proceeds to Step 
S814 to determine that the engine 1 is normal. On the other 
hand, if determined to be YES at Step S813, the PCM 21 
proceeds to Step S815 to determine that the abnormalities of 
the engine 1 occur, and then, the PCM 21 turns on the alarm 
lamp 59. 

In this flowchart, the square value of the amplitude of the 
varying waveform of the sensed value of the linear O sensor 
47 is computed. As described above, because the amplitude of 
the varying waveform corresponds to the amount of cylinder 
to-cylinder imbalance of the air fuel ratio, the square value 
will have a characteristic in which it exaggerates the amount 
of difference as the amount becomes larger. Therefore, even if 
the variation in the sensed value becomes larger and the 
variation in the square value thus becomes larger, it is possible 
to make the influence relatively small to prevent erroneous 
diagnoses. 

Note that, in the above-described flowchart, the difference 
of the maximum sensed value and the minimum sensed value 
of the linear O sensor 47 over one combustion cycle of the 
engine 1 is computed. For example, the difference of the 
maximum sensed value and the minimum sensed value dur 
ing the period of an integral multiple of combustion cycle 
larger than 1 may be computed. However, because the sensed 
value of the linear O sensor 47 may include a variation for a 
longer cycle than one combustion cycle, the maximum sensed 
value and the minimum sensed value during the period longer 
than one combustion cycle may include a variation compo 
nent of that longer cycle. It may be preferred to compute the 
difference of the maximum sensed value and the minimum 
sensed value of the linear O sensor 47 over one combustion 
cycle of the engine 1 from a viewpoint of improvement in the 
diagnosis accuracy. As yet another example, a square of a 
difference between an air fuel ratio sensor output at the begin 
ning of the longer cycle and an air fuel ratio sensor output at 
an end of the longer cycle may be computed, in order to 
improve diagnosis accuracy. 

Further, in the flowchart of FIG. 8, even if the integrations 
are not performed for 100 cycles, the number of integrations 
may be set to any arbitrary number of cycles (including 1 
cycle). Further, Steps S810 to S813 may be omitted. 

It should be appreciated by those skilled in the art that the 
processing of each step shown in the flowcharts of FIGS. 3 
and 8 and the executing order of the steps are merely illustra 
tion and, thus, contents of the processing may be altered, or 
the order of the processing may be changed, or a part of the 
processing may be omitted. It is also possible to execute a 
plurality of processing in parallel, if needed. 

It should be understood that the embodiments herein are 
illustrative and not restrictive, since the scope of the invention 
is defined by the appended claims rather than by the descrip 
tion preceding them, and all changes that fall within metes 
and bounds of the claims, or equivalence of Such metes and 
bounds thereof are therefore intended to be embraced by the 
claims. 
The invention claimed is: 
1. A method of diagnosing an internal combustion engine 

system having a multi-cylinder internal combustion engine 
and an air fuel ratio sensor which detects an air fuel ratio of 
mixed exhaust gas flowing from the multiple cylinders and 
outputs a signal corresponding to said detected air fuel ratio, 
the method comprising: 

for each of a plurality of diagnostic control loops: 
for each of a predetermined number of sub-cycles of a 

combustion cycle of the engine: 
at a powertrain control module, receiving air fuel ratio 

data as input data from the air fuel ratio sensor, 
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10 
computing a square value of a difference between a 

beginning output value and an end output value of 
the input data, said air fuel ratio sensor outputting 
the beginning output value and the end output value 
at discrete timings within each Sub-cycle; 

integrating said square value during each Sub-cycle; 
and 

after the predetermined number of sub-cycles: 
diagnosing said internal combustion engine system 

based on said integrated Square value to determine 
whether a computed integrated value R1 exceeds a 
threshold value which is set in advance; 

if the R1 value exceeds the threshold value, determining 
that an abnormality exists in the diagnosis for the 
diagnostic control loop: 

computing a rate of abnormalities detected among the 
plurality of diagnostic control loops, and 

after the plurality of diagnostic control loops: 
determining whether the rate exceeds an abnormality 

determination value set in advance; and 
if the rate exceeds the abnormality determination value, 

then outputting an alarm to a diagnostic indicator. 
2. The method as described in claim 1, wherein said air fuel 

ratio sensor outputs said beginning output value and end 
output value at a beginning and an end of said Sub-cycle. 

3. The method as described in claim 2, wherein computing 
a rate of abnormalities includes: 

counting a number of times at which said integrated value 
exceeds said predetermined value; and 

determining abnormality of said internal combustion 
engine system when said counted number exceeds a 
predetermined number in a predetermined number of 
comparison cycles. 

4. The method as described in claim 1, wherein said begin 
ning output value and end output value output within said 
Sub-cycle are a maximum value and a minimum value over a 
cylinder cycle of said internal combustion engine. 

5. The method as described in claim 4, wherein computing 
a rate of abnormalities includes: 

counting a number of times at which said integrated value 
exceeds said predetermined value; and 

determining abnormality of said internal combustion 
engine system when said counted number exceeds a 
predetermined number in a predetermined number of 
comparison cycles. 

6. The method as described in claim 1, wherein computing 
a rate of abnormalities includes: 

counting a number of times at which said integrated value 
exceeds said predetermined value; and 

determining abnormality of said internal combustion 
engine system when said counted number exceeds a 
predetermined number in a predetermined number of 
comparison cycles. 

7. A method of diagnosing an internal combustion engine 
system having a multi-cylinder internal combustion engine 
and an air fuel ratio sensor which detects an air fuel ratio of 
mixed exhaust gas flowing from the multiple cylinders and 
outputs a signal corresponding to said detected air fuel ratio, 
the method comprising: 

for each of a plurality of diagnostic control loops: 
for each of a predetermined number of sub-cycles of a 

combustion cycle of the engine: 
at a powertrain control module, receiving air fuel ratio 

data as input data from the air fuel ratio sensor; 
computing a square value of a difference between a 
maximum output value and a minimum output 
value of the input data, said fuel ratio sensor out 
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putting the minimum output value and the maxi 
mum output value at discrete timings within each 
sub-cycle; and 

diagnosing said internal combustion engine system 
based on said square value to determine whether a 
computed value R1 exceeds a threshold value 
which is set in advance: 

if the R1 value exceeds the threshold value, determin 
ing that an abnormality exists in the diagnosis for 
the diagnostic control loop: 

computing a rate of abnormalities detected among the 
plurality of diagnostic control loops, and 

after the plurality of diagnostic control loops: 
determining whether the rate exceeds an abnormality 

determination value set in advance; and 
if the rate exceeds the abnormality determination 

value, then outputting an alarm to a diagnostic indi 
cator. 

8. The method as described in claim 7, further comprising: 
integrating said square value over predetermined times to 

form an integrated square value, and 
wherein said diagnosing of said internal combustion 

engine system is made based on said integrated square 
value. 

9. The method as described in claim 8, further comprising: 
comparing said integrated square value with a predeter 

mined threshold value; and 
determining abnormality of said internal combustion 

engine system when said integrated square value 
exceeds said predetermined threshold value. 

10. The method as described in claim 8, wherein comput 
ing a rate of abnormalities includes: 

counting a number of times at which said integrated value 
exceeds said predetermined value; and 

determining abnormality of said internal combustion 
engine system when said counted number exceeds a 
predetermined number in a predetermined number of 
comparison cycles. 

11. The method as described in claim 7, wherein comput 
ing a rate of abnormalities includes: 

counting a number of times at which said integrated value 
exceeds said predetermined value; and 

determining abnormality of said internal combustion 
engine system when said counted number exceeds a 
predetermined number in a predetermined number of 
comparison cycles. 
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12. A system for diagnosing an internal combustion engine 

system having a multi-cylinder internal combustion engine 
and an air fuel ratio sensor which detects an air fuel ratio of 
mixed exhaust gas flowing from the multiple cylinders, and 
outputs a signal corresponding to said detected air fuel ratio, 
compr1S1ng: 

a tester configured to: 
for each of a plurality of diagnostic control loops: 

for each of a predetermined number of sub-cycles of a 
combustion cycle of the engine: 
at a powertrain control module, receiving air fuel 

ratio data as input data from the air fuel ratio 
Sensor; 

computing a square value of a difference between a 
beginning output value and an end output value 
of the input data, said air fuel ratio sensor out 
putting the beginning output value and the end 
output value at discrete timings within each sub 
cycle; 

integrating said square value during each sub 
cycle; and 

after the predetermined number of sub-cycles: 
diagnosing said internal combustion engine system 

based on said integrated square value to deter 
mine whether a computed integrated value R1 
exceeds a threshold value which is set in 
advance; 

if the R1 value exceeds the threshold value, deter 
mining that an abnormality exists in the diagno 
sis for the diagnostic control loop: 

computing a rate of abnormalities detected among 
the plurality of diagnostic control loops; and 

after the plurality of diagnostic control loops: 
determining whether the rate exceeds an abnormal 

ity determination value set in advance; and 
if the rate exceeds the abnormality determination 

value, then outputting an alarm to a diagnostic 
indicator. 

13. The system as described in claim 12, wherein said tester 
is integrated with a controller of said internal combustion 
engine system. 

14. The method as described in claim 1, wherein said 
beginning output value and end output value output within 
said sub-cycle are a maximum value and a minimum value of 
a single engine cycle, the single engine cycle including a 
combustion of each cylinder of the multi-cylinder engine. 
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